The EMBO Journal (2011 Journal ( ) 30, 1882 Journal ( -1884 Journal ( . doi:10.1038 Journal ( /emboj.2011 Neurodegenerative disorders are one among the most debilitating diseases of an ageing population. Understanding the mechanisms of neuronal cell death during pathogenesis of diseases such as Alzheimer's, Parkinson's, Huntington's, and prion diseases is key to addressing the options for treatment and prevention of brain deterioration. One feature of many such diseases is the accumulation of specific misfolded proteins. Often these misfolded proteins take the form of large amyloid fibrils or plaques, but recent observations implicate small soluble oligomers as the primary causes of neuronal dysfunction. How these misfolded proteins trigger cell death pathways is largely unknown, but some reports have suggested mediation by normal cellular prion protein (PrP C ). In this issue, Resenberger et al (2011) provide evidence for membraneanchored PrP C 's role in recognizing a variety of b-sheetrich protein conformers and transducing pro-apoptotic signals.
Among various protein-misfolding diseases, Alzheimer's disease (AD) is characterized by brain plaques composed of the b-amyloid (Ab) peptide and tau. Huntington's disease is caused by an inherited poly-glutamine expansion in the huntingtin protein, and huntingtin fragments containing these extra residues aggregate and cause neurotoxicity. In Parkinson's disease, alpha synuclein aggregates into intracellular inclusions called Lewy bodies. During prion diseases, PrP C is converted to an abnormal autocatalytic isoform, PrP Sc , which can accumulate in diffuse deposits, amyloid fibrils or plaques. Despite accumulating evidence of the importance of protein misfolding and aggregation in these diseases, the precise mechanisms by which these proteins misfold and trigger neurodegeneration remain unclear.
One common feature of these misfolded protein aggregates is their high b-sheet content. PrP C is largely a helical and disordered, but, upon conversion to infectious PrP Sc amyloid, becomes predominantly b sheet with bends and turns (Caughey et al, 2009; Smirnovas et al, 2011 ). Alzheimer's plaques are composed of high b-sheet Ab fibrils. a-Synuclein exists normally as a natively unfolded protein, but can partially fold into b structures, increasing its propensity for aggregation. The proposed toxic fragment of huntingtin is helical in the native structure, but expanded poly-glutamine sequences can promote the formation of compact b sheet and turn structures. Although large fibrillar and plaque deposits of these misfolded proteins are often the most obvious lesions, the most toxic species appear to be small oligomeric assemblies that may be precursors to larger fibrils (Caughey and Lansbury, 2003 ) (see Figure 1 ). The challenge has been not only to define and characterize the toxic oligomeric species but also to determine their neurotoxic mechanisms.
Recently, Lauren et al (2009) used Ab oligomers that were formed in vitro and fractionated by size to probe potential cell-surface binding partners. PrP C showed high affinity and selectivity in its interaction with Ab oligomers. Moreover, the Figure 1 Schematic of proposed role of PrP in pro-apoptotic signalling during neurodegenerative diseases. Native proteins exist in equilibrium with partially or completely unfolded forms. In some instances, partially misfolded proteins can adopt b structures with the propensity to aggregate and form amyloid fibrils. However, along the pathway to fibril formation, the smaller b oligomers mediate toxic effects. PrP C is one of the potentially multiple cell-surface receptors capable of binding to the toxic oligomers and mediating pro-apoptotic signals in conjunction with other molecules. inhibition of long-term potentiation by Ab oligomers in hippocampal slices was dependent on PrP. When a familial AD transgenic mouse (APPswe/Psen1DE9) was crossed onto a PrP null background, the normal axon degeneration, cell death, and learning impairment found in the AD mice were non-existent (Gimbel et al, 2010) . These observations provided the first evidence that PrP C mediates at least some of the neurotoxic effects of Ab oligomers, a hypothesis that was confirmed by observations that short-term PrP antibody treatment in AD transgenic mice reversed memory impairment and synaptic density loss (Chung et al, 2010) .
Although these findings attracted considerable interest, some further studies failed to confirm a role for PrP C in other putative aspects of Alzheimer's pathogenesis. For example, when in vitro Ab oligomers were injected into either wild-type or PrP null mice, no difference in object recognition memory experiments was seen (Balducci et al, 2010) . Furthermore, in another study using a different transgenic AD mouse model (APPKM670/671NL/Psen1L166P), no change in the normal age-dependent deterioration of longterm potentiation was detected as a function of the presence or absence of PrP C (Calella et al, 2010) . Building on observations of a role for PrP C in mediating pro-apoptotic signalling in the presence of PrP One observation that has been consistent among the labs is the remarkable affinity of PrP C for Ab oligomers from various sources and preparations. Further in vitro studies demonstrated that the very N-terminus of PrP (residues 23-27) is important for recognition of a specific structural conformation of the soluble Ab oligomers (Chen et al, 2010) . However, as also seen in the original paper by the Strittmatter group, there must be other cell surface molecules capable of interacting with Ab oligomers as only a 50% reduction of Ab oligomer binding was seen in PrP À/À hippocampal neurons.
Thus, alternative binding partners may mediate signalling via other pathways, which might modulate or substitute for PrP C -mediated signalling in some settings. Further complexity likely arises from the fact that a broad array of Ab assemblies is generated during AD, and some Ab subpopulations may preferentially bind certain ligands over others. Ab monomers and oligomers are known to bind other cell-surface receptor signalling molecules, including insulin receptor, nicotinic acetylcholine receptor, and calcium and cation channels (reviewed in Parihar and Brewer, 2010) . Although Resenberger et al present evidence for involvement of the NMDA receptor in SH-SY5Y cells (this issue), other pathways may be used in different cell types or circumstances (see Figure 1) .
Explaining a role of PrP C becomes even more complicated when considering Huntington's and Parkinson's diseases. In contrast to the situation with AD and prion diseases, the misfolded proteins accumulate primarily in intracellular locations where, under most circumstances, they would not come into contact with GPI-anchored PrP C molecules. This situation may help to explain the observation that, with transgenic mouse models for Huntington's and Parkinson's diseases, the disease phenotypes were not substantially altered by the presence or absence of PrP C (Steele et al, 2009) . These results highlight the likelihood that the role(s) of PrP C in proteinmisfolding diseases will be variable and context dependent.
Like many reported physiological or pathophysiological roles of PrP C , its mediation of Ab toxicity remains controversial. Nonetheless, the recent reports from the Strittmatter (Lauren et al, 2009; Chung et al, 2010; Gimbel et al, 2010) and Tatzelt (this issue) groups suggest an intriguing mechanistic link between AD and prion diseases, and identify the PrP C -b conformer interaction as a potential therapeutic target. However, many factors are at play in these complex diseases and further studies will be required to establish the overall importance of PrP C -b conformer interactions and its associated cell death pathway in the pathogenesis of these and other debilitating protein-misfolding diseases.
